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The Nitrogen Content of Different Varieties of Peas as a Factor 
Affecting Infestations by Macrosiphum pisi (Kltb.) (Homoptera: 
Aphididae). A Preliminary Report’ 

By J. B. Matrtats? 


Dominion Entomological Laboratory, St. Jean, P.Q. 


The influence of varietal differences in plants on infestation by aphids has 
received considerable attention in control studies. Painter (14), in 1941, con- 
cluded that the composition of the available food in the host plant plays possibly 
the most important role in determining the relative resistance to aphid attacks. 
In biological studies on Aphis rumicis L., Davidson (8) found that factors that 
influence the physiological activity of the plant affect also the progress of aphid 
infestation. The same author (6) also pointed out that aphids exhibit a wide 
range of fecundity on different hosts. “The sap of certain varieties of beans”, 
writes Davidson, “appears to have a direct inhibiting effect upon the reproductive 
capacity of the aphids, whereas that of other varieties seems to have the opposite 
effect.” 

Investigations during the periods 1934-46 (12) and 1937-50 confirm that 
peas exhibit varietal resistance to aphid attacks, as demonstrated by Davidson (6), 
Blanchard and Dudley (4), Albrecht (1), Dahms and Painter (5), and several 
others in studies on Aphis rumicis and the pea aphid, Macrosiphum pisi (Kltb.). 
Dahms and Painter (5) found that the pea aphid reproduced more rapidly and 


the mortality was less on alfalfa plants that appeared to be susceptible under field 
conditions thar on those that appeared to be resistant; and when aphids were 
confined to flowering and vegetative branches of the same plant, they reproduced 
much faster on the flowering branches. In that connection, Lees (11) states 
that an abundant supply of nitrogenous matter in plant food is —_ of 


increasing the reproductive powers of aphids. In an elaborate study of physio- 
logical conditions that promote wing development in the pea aphid, Schaefer 
(15) states that aphids must take in large quantities of plant sap in order to 
obtain the supply of nitrogenous food necessary for reproduction and must void 
the unnecessary moisture and carbohydrates. Sugars would evidently be con- 
sidered unnecessary or slightly utilizable substances for aphid development. 

The information gathered by these authors has led to the study of the 
probable factors of varietal resistance. The first aspect of the study was the 
determination of the nitrogen content of three varieties of peas that had already 
been classified according to their resistance to aphid attacks (12). 

Techniques and Methods 

The techniques discussed here were perfected as the study progressed. 
Aphid population counts and plant food extraction techniques were adapted for 
the purpose in view. The Hengar-Kjeldahl procedure (2) was used for the 
determination of nitrogen in dry matter and in plant extracts. The Van Slyke 
gasometric method (16) was used for the determination of amino nitrogen in 
plant extracts. 
Aphid population counts 

Aphid counts were made daily on samples of each variety of peas collected 
at random from plots replicated three times. A plant sample consisted of a 
“s See No. 2689, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
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terminal growth measuring from four to six inches in length from the top 
down to the base of the fourth internode. Usually from five to eight such 
samples were collected from each plot of the variety studied. Each plant 
sample, after it had been carefully cut from the stem, was placed in a large 
glass vial, 14 in. x 6 in., and the vial was closed with a cork. As soon as a 
collection from a variety was complete, some ether was vaporized into each vial 
to kill the aphids and prevent moisture condensation in the container before 
the counts were made. 
Extraction of nitrogenous constituents of plant samples 

Green plant samples for analysis were cut at the base of the fourth internode 
of the terminal growth. The leaves of the samples were removed and only the 
stems, the branches, and the undeveloped tips of terminal growths were kept 
for study. Samples of each variety were placed in paper bags, labelled, and 
allowed to air-dry completely. When sufficiently dry, the samples were ground 
in a mill and the fine grist was kept in glass jars. Several days prior to the 
chemical analysis, portions of the stored samples were placed in a vacuum 
desiccator. For the extraction of water-soluble nitrogenous constituents, portions 
of one gram of the vacuum-dried samples were ground with 10 grams of pure 
quartz sand and 30-ml. portions of acidulated distilled water by means of a 
mechanical mortar grinder. The water portion was aciduiated with hydro- 
chloric acid, one millilitre of 0.1 normal HCL in 29 ml. of water. Each plant 
sample was placed with the quartz sand in the mortar, 10 ml. of acidulated 
water was added to the mixture, and the grinding was effected with the 
mechanical mortar grinder. As the grinding progressed and the sample became 
finer in texture, acidulated water was gradually added until 20 ml. of the 
original 30-ml. portion was used. With the above method, the grinding is 
completed in approximately 45 minutes, and the resulting paste is semi-micro 
in particle size. The paste was transferred into a 100-ml. beaker, the mortar 
and pestle were washed with the remainder of the 30-ml. portion of acidulated 
water, and the washings were added to the paste in the beaker. The ground 
mixture was placed on a hot water bath for five minutes, allowed to cool, and 
finally centrifuged for the separation of the liquid extract. The extract was 
preserved with phenol, 0.2 gram in 100 ml. 
The semi-micro Hengar-Kjeldahl procedure 

This is a standard procedure (2). For the analysis of total nitrogen, portions 
of 150 milligrams of vacuum-dried samples’ were used. For the analysis of 
water-soluble nitrogen in plant extracts, aliquots of 2 ml. of the extract were 
used. Calculations for the percentage of water-soluble nitrogen were based on 
the weight of the portion of the vacuum-dried sample as represented by a 1-ml. 
aliquot of the extract, or 

weight of sample— 1 gram 
weight of water—30 grams 

The Van Slyke gasometric nitrous acid reaction procedure 

The nitrous acid reaction (16) was used for the quantitative measurement 
of nitrogen in free amino acids contained in plant extracts. Aliquots of one 
millilitre of the extract of each variety of peas were analysed, and the calcula- 
tions for the percentages of amino nitrogen were based ‘on the weight of the 
portion of the vacuum-dried sample as represented by a one-millilitre aliquot 
of the extract, or .0333 gram. 


= .0333 gram. 


Results and Discussion 
The relative resistance of numerous varieties of peas was determined during 
the periods 1934-36 (12) and 1938-50. A summary of aphid population counts 
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on one susceptible and on two resistant varieties for most of the years 1934 to 
1950 is given in Table I. 


TABLE I. 


MEAN POPULATIONS OF THE PEA APHID PER PLANT SAMPLE OF ONE SUSCEPTIBLE 
AND TWO RESISTANT VARIETIES OF PEAS FOR NINE YEARS. 


Variety Percentage on 
ans east Duos: resistant variety 
| Champion of 
Perfection | England 
(susceptible) | (resistant) | (resistant) 
| A B é B 








| 
1934 1158.3 
1935 | 222.7 
1936 218.1 
1938 | 30.9 
1940 18.0 
1941 77.8 
1942 
1944 
1950 
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ea) 


Mean 


Table I summarizes aphid population counts on the three varieties of peas that in 
these studies represent the limits of susceptibility and resistance to the pea aphid. 
The susceptible variety Perfection showed an average population of 209.6 aphids 
per plant sample for a “total of nine years, whereas the resistant variety Champion 
of England showed an average population of 67.9,.or about one-third as many 
for the same period. 


Chemical analyses were conducted for three years with the object of 
determining the nitrogen content in plant samples and in plant extracts at two 
successive stages of growth, namely, first blossom and full bloom. Table II 
summarizes the results of analyses as calculated at two successive stages of growth. 


The nitrogen content of whole plant samples and water extracts was higher 
for the susceptible variety than for the resistant ones. In all the experiments on 


TABLE II 


NITROGEN ANALYSES (THREE YEARS) OF VACUUM-DRIED PLANT SAMPLES AND OF WATER EXTRACTS 
OF ONE VARIETY OF PEAS SUSCEPTIBLE AND TWO VARIETIES RESISTANT TO THE PEA APHID. 


Total Water-soluble | Amino 
Variety nitrogen nitrogen nitrogen Stage of 
per cent per cent per cent | growth 





Perfection 3.128 1.682 0.5550 | First blossom 
(susceptible) 


3.329 2.629 0.9640 Full bloom 


H-103 2.661 1.367 | 0.5186 | First blossom 
(resistant) 
2.442 2.103 0.6810 | Full bloom 


Champion of | 2.288 | 1.262 | 0.4279 | First blossom 
England | 
(resistant) 2.988 10: .75 | Full bloom 
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pea plant samples, the amounts of total, water-soluble, and amino nitrogen varied 
in accordance with the relative resistance of the varieties. The resistant variety 
H-103 is a pure-line strain developed by the writer in recent years with the object 
of fixing the aphid resistant quality in peas (13). 

According to Davidson (7) and Horsfall (10) the food taken by aphids 
must be in soluble form. The greater portion of the solutes are amino acids and 
sugars. Aphids would therefore absorb mainly amino acids and carbohydrates, 
amino acids being the important substances for their nutritional needs in main- 
taining the normal body metabolism. Auclair and Maltais (3) have isolated 
eleven free amino acids in plant juice extracts of Perfection and Champion of 
England and found that the variety susceptible to pea aphid attacks contains a 
higher concentration of amino acids than the resistant variety. Serious con- 
sideration should then be given to the fact that a number of amino acids in plant 
sap serve as material for gluconeogenesis (9). The proportion of glucogenic 
amino acids in plant juice may affect the nutritional balance known as the 
dextro/nitrogen ratio and thereby influence aphid development. Studies in 
progress along that line with Macrosiphum pisi (Kltb.) on peas and other species 
of aphids on varieties of potatoes are yielding promising results. 
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The Identity and Generic Position of Chauliodes disjunctus Walker 
(Megaloptera: Corydalidae)’ 
By E. G. Munroe? 


Systematic Entomology, Division of Entomology 
Ottawa, Canada 


Walker (1866) described Chauliodes disjunctus on the basis of a single female 
from Vancouver Island. Davis (1903) identified males and females from 
California as belonging to this species and noted that the male antennae were 
pilose and as long as the head and thorax combined. Supposing Davis’ observation 
to have been based on a broken specimen, van der Weele (1910) referred 
C. disjunctus to Neohermes Banks, 1908, as a close ally and probable synonym of 
Neohermes californicus (Walker), a species in the male of which the antennae 
are as long as the body and are provided with segmental whorls of long hair. 

In the Canadian National Collection there are two males and three females 
that I identify as C. disjunctus. The females agree very well in maculation and 
wing venation with van der Weele’s figure of the type. One is topotypical, 
coming from Wellington, Vancouver Island; the other two are from Kaslo and 
Agassiz, respectively, on the mainland of British Columbia. The males, from 
Duncans and from Goldstream, both on Vancouver Island, are smaller than the 
females, and agree in the general style, but not in the details, of maculation. 
They differ in the amount of branching of certain veins. These are, however, 
the only specimens of Corydalidae that we have in the C.N.C., or that I have 
seen recorded, from Western Canada; the males are certainly not identical with 
Neohermes californicus, and the differences from the female are such as might 
be expected to exist between the two sexes of a single species. The males agree 
well with the description given by Davis of C. disjunctus, and | think there is no 
reasonable doubt that the association of sexes and the identification are correct. 

The interesting thing about these specimens is that their structure shows 
that they are most closely related not to Neohermes californicus, but to the 
genus Protochauliodes van der Weele, hitherto known only from Chile. 


Protochauliodes disjunctus (Walker) new combination 
Chauliodes disjunctus Walker, 1866: 334; Davis, 1903: 463. 
Neohermes disjunctus, van der Weele, 1910: 54, pl. 3, fig. 25. 

Male. Head and body fuscous brown. Antennae dark brown, moniliform, 
with dense, short pile of even length. Vertex and pronotum with raised yellow 
or brown areas, variable in extent. Wings grayish, hyaline; veins brownish, not 
conspicuously variegated; membrane with transverse striae and rows of spots, 
especially on the fore wing. Near the base of the fore wing an irregular fuscous 
band from SC to A,; in the costal cell rather dense striae, coalescing to form 
three fairly well defined costal spots in the distal half of the wing. Fore and 
hind wings with essentially similar venation: RS connected to R, by three cross 
veins; RS with three principal branches; the first two stalked for about one-fourth 


© Contribution No. 2732, Division of Entomology, Science Service, Department of Agriculture, Ottawa, 
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of their length, each bifurcated about 5 mm. before the apex; the third branch 
simple, except in one fore wing of one of the specimens, in which it is forked; 
M with two simple branches, separating at one-third of the wing length from the 
base; Cu, bifurcating at half its length; Cu, simple; anal venation as illustrated 
(Fig. 1); as an abnormality, either the first or the second branch of 2A may be 
forked. Genitalia (Figs. 2, 3): ninth tergite broad and hood-shaped; ninth 
sternite flat and trapezoidal, gonopods symmetrical, sausage-shaped, each with a 
punctate swelling on the outer side near the base, and with a blunt, spine-like 


3A 2A, 2A, . 





Protochauliodes disjunctus (Walker) 
1. Anal region of right fore wing of female. 
2. Male genitalia: left lateral aspect. 
3. Male genitalia: ventral aspect. 


process from the ventral side near the apex, aedoeagus roughly triangular in 
section, with the ventral and dorsolateral surfaces flattened, the ventral surface 
sharply upturned before the apex, which has two pairs of spines. Length of 
fore wing 32-35 mm. 

Female. Much larger than the male. Antennae similar in structure to those 
of the male. Wing maculation darker and better defined, two long costal dashes 
replacing the three spots of the male. RS normally with two additional forks, 
one in the anterior limb of the first main branch, the other in the third main 
branch. Length of fore wing 60 mm. 

The structure of the male antennae immediately places disjunctus in Proto- 
chauliodes van der Weele, as distinguished from Neohermes in which the male 
antennae are fasciculate and as long as the body. The male genitalia confirm 
this, closely resembling those of Protochauliodes cinerascens (Blanchard), the 
genotype, as illustrated by van der Weele. The remaining specific names recog- 
nized by Davis and by Banks are considered by van der,Weele to be synonyms 
of N. californicus; he states that he has sufficient information on the respective 
types to make this conclusion definite. A further species has since been destribed 
in Neohermes. This is N. infuscatus Caudell (1933), from California. “Van 
Dyke’s (1944) description of N. nigrinus, apparently written without knowledge 
of Caudell’s paper, which had appeared in the same journal eleven years earlier, 
agrees with that of Caudell in all the characters that are mentioned by both 
authors. The species is one of rather unusual appearance, and I think it is safe 
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to sink nigrinus Van Dyke as a synonym of infuscatus Caudell (new synonymy). 
Unfortunately, neither author has described or figured the genitalia or the 
pubescence of the antennae. Van Dyke, however, says that the antennae of the 
male are very long; it is not unlikely, therefore, that the generig reference is 
correct. 

The transfer of disjunctus to Protochauliodes extends the known range of 
the genus from a south temperate to a north and south cordilleran one. This is 
not entirely surprising, as the direct derivation of Neohbermes from Protochauliodes 
seems probable, and was accepted by van der Weele. Van der Weele supposes 
that Protochauliodes was in turn derived from Archichauliodes van der Weele, 
a genus known from Australia and New Zealand and doubtfully from South 
Africa. Kimmins (1938) has, however, shown that Archichauliodes and Proto- 
chauliodes can be distinguished by an interesting character of the anal venation: 
in Archichauliodes the two branches of 2A of the fore wing are stalked, whereas 
in Protochauliodes the second branch arises separately from cell 2A. Now, 
Banks (1908) has already emphasized the fundamental importance of this char- 
acter, although he has described it in a different, and not quite accurate, way. 
It makes a clean separation between, on the one hand, the forms allied to Chauili- 
odes, s. str., and, on the other hand, the remainder of the Corydalidae. The 
stalking of the first branch of 2A with 1A has much less significance; for 
example, the drawing of Protochauliodes dubitatus given by Kimmins shows 
such a stalk, but his photograph shows the first branch of 2A arising independently 
from cell 1A. 

Van der Weele’s illustrations show that the following genera, all placed by 
him in the Chauliodini, have the two branches of 2A stalked: Archichauliodes, 
Chauliodes, Parachauliodes, Neochauliodes, and Nigronia. This order represents 
approximately the phylogenetic progression, on, the simplest interpretation 
Chauliodes and Nigronia would represent two separate incursions from Asia into 
America, the first on a low, the second on a very high, phylogenetic level. In 
Protochauliodes and Neohermes, on the other hand, and in all the Neuromini, 
the second branch of 2A arises separately from the cell. The same condition 
exists in the hind wings of Sialis, and is undoubtedly primitive. It is therefore 
necessary to derive Archichauliodes from Protochauliodes, rather than the reverse, 
and to regard the former genus as the relict ancestor of a large and primarily 
Old-World line. 

_ This leaves Protochauliodes, with its slightly modified derivative Neohermes, 
as a primitive group, ancestral to Archichauliodes and the higher Chauliodini, 
and now limited to a discontinuous and relict range in the New World. Whether 
Protochauliodes should also be considered ancestral to the Neuromini, and thus 
stand at the base of the existing Corydalidae, I am not at present able to say. 
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On the Habits of the Elm Bark Borer Physocnemum brevilineum 
(Say); (Coleoptera: Cerambycidae)' 
By Won. HaA.ipurton* 


Forest Insect Investigations, Division of Forest Biology 


In the course of studies on the insects associated with the Dutch elm disease, 
several larvae and adults of a cerambycid beetle, Physocnemum brevilineum 
(Say) were encountered in the bark of ‘both living and recently dead American 
elm trees. This species is generally recorded as an inhabitant of the outer bark 
of living elms. Observations show that injury to the living inner bark is rather 
common, and that occasionally patches of the cambium may be killed. In felled 
logs, larval behaviour is atypical. 

The species belongs to the tribe Callidiini of the sub-family Cerambycinae. 
The adult is a blackish longhorned beetle, usually about half an inch long, 
parallel, sub-depressed; the elytra purpureous or with a brassy lustre caudad, and 
ornamented with raised white costae of variable length. It was described by 
Thomas Say as a Callidium. The larva has been described and keyed by 
Craighead (1923) and is readily recognizable. It has a shining, longitudinally 
striate pronotum and gouge- shaped mandibles. It is readily separable from that 
of the elm borer Saperda tridentata (Oliv.) which has the cutting edge of the 
mandible oblique and the pronotum armed with numerous small sclerotized 
asperites. 

In the literature, adults are recorded most commonly as occurring on trunks 
and branches of living elms “in the sunlight”. Caulfield (1890) observed eggs 
being laid “in crevices in the bark,” and Craighead (1950) notes them “beneath 
bark scales”. The larvae usually mine in the dry dead phloem tissue of the outer 
bark, and oceur sporadically in the trunk and larger branches. Occasionally, 
certain trees which seem more favourable for oviposition and development 
support relatively heavy populations of larvae, particularly when isolated. The 
larvae commonly bore into the outer surface of the living phloem, particularly 
late in the season. This may be the usual locus of hibernation. Pupation 
normally takes place in a cell in the outer bark, and the normal life cycle is 
probably 2 years. 


Necrotic areas form about the phloem injuries and stain and mineral 
deposits generally develop in them. The cork cambium is then activated, and 
a layer of cork tissue forms under the injury ‘so that it is sealed off and becomes 
a part of the dead outer bark. The necrosis may reach the cambium, and if the 
larva is vigorous enough, it may feed in and extend the injured area. The dead 
bark scales away and the w ound heals over, leaving a serious defect in the wood. 
Craighead (1950) notes that large patches of bark may be killed in this way, 
and fall off, exposing the wood to attack by other insects. In heavily infested 
bark, coalescence of the larval mines causes the ridges to slough off. This, 
together with the “corking-out” of phloem injuries, may alter completely the 
appearance of the bark, replacing the regular pattern of vertical ridges and 
fissures by irregular scales. Craighead (1923) notes a similar condition induced 
in oak bark by the larvae of Encyclops caerulea (Say) and Microclytus gazellula 
(Hald.) and the author has found Elaphidion incertum Newn. similarly affecting 
a black oak tree in North Carolina. 


The larvae occur in all types of bark, whether thick or thin, corky or hard, 
from the lower trunk to tops as small as 2 inches in diameter. In thin bark and 
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tops, cambium injuries are more likely to occur, particularly if the tree is in a 
physiologically weakened condition. 

Development seems normal in bark on logs or trunks infested with bark 
beetles or other insects. Normal adults were reared sporadically from log 
sections and stripped bark infested with the native elm bark beetle Hylurgopinus 
rufipes (Eich.) 

In felled logs, however, where the phloem tissue becomes partially desiccated 
without necrotic staining, larval behaviour differs drastically. Soon after the 
tree has been felled, the immature larvae working at the surface of the living 
phloem begin to bore entirely in that layer, and grow very rapidly. They feed 
along the surface of the wood and gradually into it, so that their galleries lie 
half in the inner bark and half in the wood, like those of typical Callidiini. The 
mines are meandering at first and tend to run with the grain as they become 
larger, but may double back on themselves. They are packed with light brown 
granular frass with an admixture of whitish wood ‘chips. At maturity, the larvae 
excavate typical callidiinoid pupal chambers beneath the surface of the wood. 
The author has seen one case of a partial development of this habit in a living 
tree. In the top of a small elm cut near Ste. Anne de Sorel, Quebec, there was 
a partially healed-over scar about 3 inches long. The strip of wood still exposed 
showed evidence of surface erosion by larval galleries, and a partially excavated 
pupal chamber was visible. The size “and character of the injury indicated that 
it should probably be attributed to this species. Coincident with the injury was 
a drastic reduction in the growth rate of the tree which suggests that concomitant 
physiological weakness may have encouraged attack on the living tissue. 

At Berthierville, Quebec, a small, thin-barked American elm was felled 
about August Ist, and left for several days with the foliage on before it was cut 
into sections. “At the end of September, during the examination of part of it, 
two larvae were encountered boring at the xylem surface. The larger one was 
just over 20 mm. long, already larger than any larvae encountered in the outer 
bark. Judging by the size of the mines where they entered the phloem, the 
larvae could have been little over 5 mm. long at that time. They had probably 
developed from eggs laid during the current season. The sections had been 
kept at ambient temperatures until the end of August when they were placed 
in an incubator and kept at 75°F. 

In November 1949, a number of sections of elm logs were brought into the 
laboratory. They had been cut in the early autumn from the upper trunk of 
a mature shade tree. At that time several old emergence holes were seen, and 
several larvae were noted hibernating in mines that injured the still green phloem 
quite severely. In March, one normal adult was found crawling over the logs. 
Shortly after, some of the material was split up and several larvae were found 
in galleries scoring the wood surface, and in pupal cells excavated in the solid 
wood. They were very large, the longest being about 40 mm. in length. Several 
slabs known to contain larvae were placed in a rearing can to obtain emergence 
records. No adults came out during the early summer emergence period. In 
late August, several pieces were still seen to contain living larvae and one pupa 
was cut out and preserved. Early in September, one rather large adult emerged. 
This probably atypical behaviour may have been due to one or more abnormal 
conditions; the material had not been exposed to winter conditions so that there 
was no stimulus to break a possible diapause or dormancy. The slabs had also 
suffered a period of rather severe desiccation during early summer. 

On returning to winter quarters from the field early in October, the author 
was surprised to find a large adult crawling on the laboratory floor. It had 
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emerged from a section of the beforementioned material that had been kept as 
an axe block. During the following week nine specimens were collected, all 
females and uniformly large. They ranged in length from 13 mm. to 18 mm. 
while five field collected and ‘naturally’ reared females measured from 10 mm. 
to 13 mm., and two males measured 9 and 11 mm. Two males that emerged 
later were proportionately large. Occasionally adults as long as 16 mm. (Can. 
Nat. collection) occur in nature; these probably mature from larvae that manage 
to feed in living phloem tissue. The block, which was 20 inches long and 12 
inches in diameter, was examined for emergence holes. Fourteen old elliptical 
emergence holes averaged 3.6 mm. across the major axis, varying from 3.0 mm. 
to 4.7 mm. Sixteen new holes measured from 5.2 mm. to 7.0 mm. with a mean 
of 5.8 mm. Two parasite emergence holes were seen. 


It is apparent that partially desiccated phloem issue is nutritionally superior 
to the dead and dry tissue of similar origin in the outer bark. Just what the larva 
is able to assimilate from this tissue is not apparent. Savely (1939) has investi- 
gated the nutrition of a related species, Callidium antennatum Newn. which 
attacks dry pine logs in the south. He found that the larvae apparently pro- 
duced no cellulase, but were able to remove starch from the phloem tissue fed 
upon. In dried elm phloem containing larval mines of P. brevilineum, tests with 
iodine failed to show the presence of starch either in the frass, or in the undis- 
turbed tissue. 

Though the species is normally an inhabitant of the outer bark of living 
elms, it commonly injures living tissue, occasionally killing areas of bark, 
particularly in weakened trees. In felled trees the larvae feed in the inner bark 
and pupate in cells in the wood, as do other Callidiini. The adults so produced 
are consistently larger than those from the outer bark alone. The nutritional 
factor or factors involved have not been determined. The species is of little 
economic importance, and is apparently of no significance in the transmission 
of the Dutch elm disease. 
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A Toxicological and Histophysiological Study of Certain New 
Insecticides as “Stomach Poisons” to the Honey Bee’ 
Apis mellifera L. 


By E. H. Savkep? 
Department of Entomology and Department of Apiculture, 
Ontario Agricultural College 


Introduction 

Although there is a great deal of literature on the relative potencies of many 
insecticides to various insects and although many histological and physiological 
studies of insects have been made, observations on tissue changes in insects caused 
either directly or indirectly by insecticides have been few (Pilat, 1935 and 
Hartzell, 1945). Such observations are important in advancing our knowledge 
of specialized insect histology and, therefore, of insect physiology. They are of 
further value because they provide indications of the mode of action of insecti- 
cides on insects, a knowledge which is of great importance not only in the 
development of exact as opposed to indiscriminate methods of application, but 
also in the development of new and more specific insecticides. 

It was felt that a study of the histological effects of some of the new insecti- 
cides would prove fruitful. This paper describes such a study. 

Honey bees were selected as a convenient test insect for several reasons: 
they are readily available in considerable numbers; they are easy to handle; and, 
as they are of importance in agriculture as pollinators, there is some concern 
about the effects of new insecticides on them. Furthermore, no previous work 
of this kind has been done on the honey bee. 

Eckert (1948) determined the median lethal doses of fourteen insecticides 
for the honey bee and the length of time required for each to kill. The condi- 
tions under which the tests were carried out and a description of the insecticides 
used were not given. Hiafliger (1949) compared the median lethal doses for 
four insecticides for honey bees at 30°C and 28°C and was able to show a negative 
temperature coefficient for DDT. Both Eckert and Hiafliger showed that 
parathion was a fast-acting insecticide, highly toxic to honey bees. However, 
they were not in agreement on the results of some of the other insecticides such 
as DDT and calcium arsenate. 

Only a few studies have been made on the histological changes caused by 
insecticides administered either as contact or as ‘stomach’ poisons to insects. 
Hartzell (1945) studied histologically the effect of eight different sprays and 
activators on the nerves and muscles of the housefly, Musca domestica. He 
found that DDT caused slight histological changes in the nerves, brain and 
muscles. These changes, however, were not as great as would be expected from 
the pronounced neuromuscular symptoms exhibited by DDT poisoned insects. 
Richards and Cutkomp (1945) when studying the histological changes in the 
American cockroach, Periplaneta americana, dying from DDT-poisoning, found 
no evidence of degeneration in the nerve cord, thoracic muscles, mid-gut epi- 
thelium, heart or malphighian tubules. Witt (1947), quoted by Metcalf (1948), 
was unable to find any histological changes in the central nervous system of the 
blow-fly, Calliphora erythrocephala, poisoned with DDT. In all these observa- 
tions DDT was used as a spray, and therefore, acted as a contact poison. There 
is apparently no record of the effect of DDT on the mid-gut of an insect when 
the insecticide is administered orally, nor has there been any work on the 
F 1This work was directed by Professor A. J. Musgrave (Entomology Dept.) and forms part of a thesis 


presented in partial fulfillment of the requirements for the degree M.S.A. of the University of Toronto. 
2Now at Rothamsted Experimental Station, England. 
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possible histological effects of parathion as either a contact or a stomach poison. 

In the present work, the toxicities of three insecticides, acid lead arsenate, 
DDT and parathion, which were administered orally, were determined by a 
standard procedure. The median lethal dose for each insecticide was found. 
In this way, the comparative toxicities were determined and an indication of the 


amount of each insecticide required to kill a bee was obtained. The mid-gut 


of bees so treated was studied for any tissue change that might indicate physio- 
logical disturbances. Because some histological work has been done on the 
mid-gut of various insects poisoned by arsenic fed orally (Parfentjev, 1929 
and Pilat 1935) the histological changes caused by arsenic in the mid-gut of 
honey bees observed in this work could be compared with those observed in 
other insects. 

As absorption of food is thought to occur almost entirely in the ventriculus 
or mid-gut of the bee (Snodgrass, 1925), it seemed probable that any tissue 
changes or physiological effects would be most readily seen there, and it was, 
therefore, the region studied in this work. 

It was recognized at the outset of this investigation that the insecticides 
used might not produce any visible effects in the mid-gut. Indeed, the object 
was to observe and describe such effects as did occur either directly or indirectly 
as a result of the insecticide. 


Equipment and Technique 


MATERIALS 
Chemical 
The following insecticides were used:— 


(1) Acid Lead Arsenate (PbHAsQO,) arsenic content 19.5°%. This was 
obtained from the Entomology Department, Ontario Agricultural College, and 
was manufactured by the Niagara Brand Spray Company Limited, Burlington, 
Ontario. 

(2) Parathion, 0,0-diethyl-o-p-nitrophenyl thiophosphate. This was dis- 
tilled material made from purified chemicals by Dr. M. Kulka in the Research 
Laboratories, Dominion Rubber Company Limited, Guelph, Ontario. This 
sample of parathion was practically free from p,p-dichloroazo-benzene and had 
a low (0.1%) content of p-nitrophenol. Its refractive index for D light at 
20.0°C was 1.5388. 

(3) Pure Para Isomer of DDT—1,1,13trichloro-2,2-bis (p-chloropheny]) 
ethane was prepared by Dr. A. Gillies in the Research Laboratories, Dominion 
Rubber Company Limited, Guelph, Ontario. 

(4) 50% DDT wettable Powder-Niatox brand. This was obtained from 
the Entomology Department, Ontario Agricultural College, Guelph, Ontario, 
and was bought from the Niagara Brand Spray Company Limited, Burlington, 
Ontario. It contained a clay diluent and a small amount of wetting agent. 

Biological 

Worker honey bees, Apis mellifera L. variety Italian, were used in all experi- 
ments. They were obtained from a single hive in the Apiculture Department 
apiary at the Ontario Agricultural College. 

Bees used in the experiments were shaken or scooped from an outside frame 
containing honey but no brood. This was done in an attempt to get bees of 
uniform age and physiological condition. When using large cages, the bees 
were scooped from the frame into a 25 c.c. beaker and then shaken into the 
cages. Approximately forty bees per cage were obtained by half filling the 
beaker with bees. When using the small cages the bees were picked from the 
frame by hand and each bee put in a separate cage. During the winter months 
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the bees had to be brought into the laboratory before being caged. At this 
time the bees were scooped into a beaker from the inner cover of the hive because 
of the danger of chilling the cluster by removing a frame. 

MeETHOps 

Toxicological 

Bees were kept in two different types of cages. 

(1) Large wooden cages, 10” x 44” on the sides by 4” deep with screened 
tops were used first, but their use was later abandoned because the amount of 
insecticide eaten by each bee was not known. In addition, several bees had 
been seen to regurgitate the poison and it was feared that this liquid might cause 
death to other bees by a contact action. 

(2) These were small wooden cages, 34” x 13” on the sides by 13/16” deep, 
with screened tops, (typical queen mailing cages). Only one bee was used in 
each cage so that the amount of insecticide which each bee received could be 
controlled. 

Because of the great differences in air temperatures to which the bees were 
exposed, (20°F-40°F), and also because of the differences between these air 
temperatures and the laboratory temperatures, (69°F-74°F), it was decided that 
the bees should be conditioned for a few hours at the laboratory temperature 
to overcome any physiological differences which might be caused by the 
temperature changes. Caged bees were left on the laboratory bench for condi- 
tioning and during this period were fed both sugar syrup and water. The sugar 
syrup was made of water and white cane sugar in the ratio 1:1 by volume. This 
solution will be referred to as fifty per cent sugar syrup. 

Bees in all experiments were conditioned twenty-four hours (except where 
otherwise stated). Conditioning times were divided into two equal parts; during 
the first part the cages were left on the laboratory bench at the prevailing 
temperature and during the second part they were put in an incubator with a 
fairly constant relative humidity of twenty per cent running at 30°C (86°F). 
For example—with a total conditioning time of twenty-four hours, twelve hours 
were spent on the laboratory bench, tw elve in the incubator. 

Approximately one and one half hours before feeding the insecticides, the 
food vials were removed from the cages so that the bees would later be hungry 
and eat all the insecticide offered to them. The solutions containing the insecti- 
cides were kept at a temperature of 46°F to prevent fermentation of the sugar 
syrup. About one hour before being used they were warmed to 30°C (86°F) 
to overcome any increase or decrease in toxicity which might have been caused 
by the lower temperature. 


Insecticide Feeding Technique 

Individual doses of insecticide were given to the bees from a 0.1 c.c. glass 
pipette graduated in 0.01 c.cs. The same amount, 0.01 c.c., was given to each 
bee. The doses were varied by varying the concentrations of the insecticide fed. 
The end of the pipette was placed on the screen top of the cage and the bee 
allowed to remove the 0.01 c.c. of insecticide by inserting its tongue up the 
capillary tube and sucking out the liquid. Only those bees (approximately 
ninety-nine per cent) which ate this amount of insecticide were kept for mortality 
counts. Immediately after feeding the vials of fifty per cent sugar syrup and 
of water were returned to the cages to prevent any deaths from starvation. 
When feeding the insecticide, all cages used for each dose were removed from 
the incubator at the same time. They were exposed to the lower laboratory 
temperature for not more than five minutes. When mortality counts were 
taken twelve hours later, the cages were removed in the same order in which 
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they were fed. In this way, time differences between feeding and counting 
were the same for each dose. Check bees, fed only fifty per cent sugar syrup 
and water, were used in all experiments; and were treated and fed in exactly the 
same manner as the insects under test. 

Assessment of Death 

Bees considered as “dead” were those which showed no movements or which 
showed only slight movements of the legs, abdomen or antennae. Tests proved 
that bees so affected never recovered. 

The percentage mortalities for each dose were calculated and the standard 
procedure of probits and dosages, (Bliss, 1935, and Finney, 1947) was used for 
the analysis of the data. The percentage mortalities were transformed to probits 
from the probit tables in Shephard (1939) and were plotted as the ordinates, 
Y. Doses were converted to dosages, which in this work were the logarithms of 
the doses, (Finney, 1947), and were plotted as the abscissae X. Usually the 
resulting points fell nearly on a straight line. This line (regression line) was 
drawn by eye to fit the points as satisfactorily as possible. To test whether the 
line was an adequate representation of the data, a x” test was used, (Finney, 1947). 
All y? values were within the limits of random variation. Under these circum- 
stances there was no need to carry out the calculation of the regression line, 
(Finney, 1947). 

The average mortalities and doses of all tests in each experiment are given 
in Table I and their corresponding probits and dosages in Table II. The regres- 
sion line for each insecticide is plotted from this data and is shown in Fig. 1. 
The abscissae are represented as “log 100 dose” to avoid the use of negative 
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mantissae in the logarithms which would otherwise have been necessary in both 
parathion experiments. 


Histological 
Throughout this work a normal bee was considered to be one which was 


kept under similar conditions to the poisoned bees, except that it was fed only 
fifty per cent sugar syrup and water. 


The mid-gut of all bees studied was removed by pulling the last abdominal 
segment gently from the body. The entire mid-gut, hind-gut and rectum were 
obtained in this way. The gut was straightened and pinned to small pieces of 
cork and was then immersed in the fixing solution. 

Solutions used were Kahle’s and aqueous Bouin, (Kennedy, 1932) and 
Mann’s, (Baker, 1945). Both Kahle’s and Bouin’s solution fixed the tissue quite 
well. The tissue stained readily and clearly with all the stains used. Tissue 
fixed with Mann’s solution which is supposed to preserve the life-like appearance 
of the cell, (Baker, 1945), had a tendency to crack and crumble even though the 
tissue had been thoroughly washed in running water after fixation. Cell contents 
were not coagulated during fixation. Nuclei had no different staining tendencies 
from the cytoplasm and, as a result, were difficult to distinguish. Mann’s fixative 
showed the structure of the striated border and the formation of the peritrophic 
membrane more clearly than the other two fixatives. 


The mid-gut from bees fed only fifty per cent sugar syrup and water was 
used as a normal check and mid-gut from bees which had been decapitated for 
three hours was used as check for post-mortem changes. These specimens were 
treated in the same manner as those from poisoned bees. Fixing, dehydrating 
and embedding times were kept approximately the same for all specimens. 

The standard procedure through which the tissues were taken was as 
follows:— 

Fixation 24 hours 

Alcohol 70% 1 hour 

Alcohol 90% 4 hour 

Absolute alcohol 15 minutes 
Absolute alcohol+benzene 15 minutes 
Benzene-+-paraffin chips 15 minutes—138°F. 
Pure paraffin 15 minutes—138°F. 

The paraffin used was “tissue-mat” with melting point of 136°F. 

Sectioning 

All sections were cut at a thickness of eight microns. Slides of sections 
from the mid-guts of normal bees and from the mid-guts of arsenic-DDT and 
parathion-poisoned bees were made. Cross sections gave more detail and were 
more easily cut than longitudinal sections. The microscopical appearance of a 
normal mid-gut was slightly different in different regions of the gut. Therefore, 
to make an accurate comparison of the normal with the poisoned gut, sections 
were cut from the same regions. Three regions of the mid-gut were selected: — 

(1) Fore region—approximately 2 mm. from the anterior end. 

(2) Middle region—approximately 5 mm. from the anterior end. 

(3) Hind region—approximately 8 mm. from the anterior end. 

Most mid-guts were approximately 1 cm. long. 

Sufficient sections (80-100) were cut from each region to make one slide. 
Two rows of sections from a normal gut, cut from the same region as the 
poisoned gut sections, were placed at the top of each slide. Thus, the sections 
from both the normal gut and from the poisoned gut were stained simultaneously, 





LXXXIll THE CANADIAN ENTOMOLOGIST 45 


thus eliminating any staining differences. Ten to fifteen guts from bees poisoned 
with each different insecticide were studied microscopically. 

Staining 

Delafields Haematoxylin, Heidehain’s Haematoxylin, Mallory’s triple stain, 
Mann’s Methyl Blue-Eosin and Borax-Carmine Picro-Indigo-Carmine, were all 
used. Of the five stains used, the most consistent results were obtained with 
Heidenhain’s Haematoxylin. The procedure used for this stain was that given 
by Kennedy (1932). Mann’s stain gave a beautiful general picture of the histo- 
logical structure but detail was lacking. Delafield’s Haematoxylin proved quite 
satisfactory but the nuclei were more distinct with Heidenhain’s. Borax-Carmine 
Picro- -Indigo- -Carmine (found to be an effective stain for certain insect tissues by 
Musgrave, 1937) and Mallory’s stain were used only rarely as they gave incon- 
sistent results in this work. 


Experiments 
PARATHION 


Because parathion is only slightly soluble in water, some difficulty was 
experienced in suspending it in fifty per cent sugar syrup. Eckert (1949) used 
95% ethyl alcohol as a suspending medium and found that up to 5% (i.e. 
4.75% alcohol) was harmless to bees. The amount of parathion required for 
this experiment was so small (0.1 gram) that it was easily miscible with one drop 
of 95% ethyl alcohol and it seemed probable that this amount of alcohol would 
have no effect on bees. No mortalities occurred in the checks which were fed 
fifty per cent sugar syrup containing the same concentration of alcohol as in 
the parathion solutions. 

A stock solution was made up containing 0.1 gram of parathion mixed with 
one drop of 95% ethyl alcohol and brought up to 1000 c.c. volume with fifty 
per cent sugar syrup. This solution, therefore, ¢ontained 100 micrograms of 
parathion per c.c. of solution. 

Large Cages 

Only three tests were carried out. The average mortalities and doses for 
the three tests were determined and these data were plotted as a dosage probit 
mortality regression line (line F. Fig. 1). The y? for three degrees of freedom 
was 1.338. This showed that there was no significant discrepancy between 
observed and expected probits and that the line could be regarded as reliable 
(Finney, 1947). The L.D. 50 was found to be 0.41 micrograms of parathion 
per bee. 

Small Cages 

To overcome the difficulties encountered with the large cages, small cages 
described on page 41 were used. By feeding the bees measured doses greater 
control could be obtained: each bee received only 0.01 c.c. of the solutions, and 
the doses fed were 0.14, 0.12, 0.10, 0.08, 0.07 and 0.06 micrograms of parathion 
per bee. 

One hundred and ninety-seven bees were given measured doses in seven tests 
involving an average of thirty-three bees per dose. The average mortality for 
each dose in all tests was determined and plotted as a dosage probit mortality 
regression line (line G. Fig. 1). The x? for four degrees of freedom was 0. 379 
showing that there was no significant discrepancy between observed and 
expected results and that the line was reliable (Finney, 1947). The L.D. 56 
was found to be 0.095 micrograms of parathion per bee. 
50° DDT Wettable Powder 

Because the DDT by itself would not remain suspended for a sufficient 
length of time, clay (T-41 Nichols Chemical Company Limited, Valleyfield, 








46 THE CANADIAN ENTOMOLOGIST February 1951 


Que.) was used as a suspending agent. The peculiar odour of the clay was 
apparently repellent because the check solution containing fifty per cent sugar 
syrup and clay was not eaten. It was suggested by Professor G. F. Townsend 
that pollen which would have an attractive odour, might be a good suspending 
medium. Pollen held in cold storage for two years was used since no fresh 
material was available. About sixteen grams of pollen were thoroughly mixed 
with 1000 c.c. of fifty per cent sugar syrup in a high speed electric mixer. A 
stock solution containing thirty-two grams of the 50% DDT was brought up 
to a volume of 1000 c.c. by the addition of this pollen solution. By diluting 
various volumes of this stock solution, solutions containing 24,000, 16,000, 8,000, 
and 6,000 micrograms of the 50° DDT per c.c. were made. Two check 
solutions were used—one was pure fifty per cent sugar syrup and the other 
contained the same percentage of pollen as the stock solution suspended in fifty 
per cent sugar syrup. Neither check caused any mortalities. 

One hundred and one bees were given measured doses in four tests involving 
an average of twenty bees per dose. The average mortality for each dose in all 
tests was plotted as a dosage probit mortality regression line (line D. Fig. 1). 
The 7? for three degrees of freedom was 0.430 showing that the line was 
reliable (Finney, 1947). The L.D. 50 was found to be 131.8 micrograms of 
50% DDT Wettable Powder per bee. 

Pure Para Isomer or DDT 

This DDT was used for a comparison with the 50% DDT Wettable Powder 
and the experimental procedure followed for both was the same. The concen- 
trations used for the pure DDT were 10,000, 8,000, 6,000, 5,000, 4,000, and 
2,000 micrograms of DDT per c.c. One hundred and sixty-two bees were given 
measured doses in five tests involving an average of twenty-seven bees per dose. 
The average mortality regression line (line E. Fig. 1). The x? for four degrees 
of freedom was 0.529 showing that the line was reliable (Finney, 1947). The 
L.D. 50 of Pure Para Isomer of DDT was 54.9 micrograms per bee. 

ARSENIC (acid lead arsenate) 

It was thought that twenty-four hour conditioning which had been carried 
out on all test insects in this work was, perhaps, unnecessary. Therefore, tests 
involving two, five and twenty-four hour conditioning times were used to 
compare the mortalities occurring at each dose. In all these tests, the procedure 
was kept standard (see page 41) except for the different times used for 
conditioning. ‘ 

Two Hour Conditioning 

The acid lead arsenate was used as a suspension in fifty per cent sugar syrup. 
A stock solution was made which contained 40,000 micrograms of acid lead 
arsenate per c.c. Different volumes of the stock solution were diluted with 
fifty per cent sugar syrup to give solutions containing 30,000, 24,000, 20,000, 
18,000 and 16,000 micrograms of arsenate of lead per c.c. The check solution 
contained pure fifty per cent sugar syrup. 

Two hundred and forty-four bees were given measured doses in seven tests 
involving approximately forty bees per dose. The average mortality for each 
dose was plotted as a dosage probit mortality regression line (line A. Fig. 1). 
The x? for three degrees of freedom showing that the line was reliable (Finney, 
1947). The L.D. 50 was found to be 205 micrograms of arsenate of lead per bee. 

Twenty-four Hour Conditioning 

One hundred and twenty-five bees were given measured doses in five tests 
involving twenty-five bees per dose. The average mortalities for each dose 
were plotted as a dosage probit mortality regression line (line C. Fig. 1). Its 
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y° for three degrees of freedom was 0.889 showing that the line was reliable 
(Finney, 1947). The L.D. 50 was found to be 204 micrograms of arsenate of lead 
per bee. No significant difference between the mortalities caused during the two 
and five hour conditioning times was obtained by “Student’s” method (Rider, 
1939). There was a difference in the per cent mortalities between the five and 
twenty-four hour conditioning times but it was not significant at a five per cent 
level. 
Behaviour of Normal and Poisoned Bees 

Observations, ten for each poison, were taken on bees dying as a result of 
eating the various insecticides. It was thought that these observations might 
help in the identification of poisons causing death to field bees and might suggest 
the mode of action of the insecticides. These observations probably do not 
truly represent field conditions because the bees were confined in cages. 
NorMAL BEE 


A bee fed only fifty per cent sugar syrup and water moved rapidly around 
the cage when disturbed. Normally it remained either quietly resting on the 
screen or walking slowly about the cage. 

Acip Leap ARSENATE 

This was a slow-acting poison requiring from five to forty-eight hours to 
cause death. No striking abnormal activities could be seen in the poisoned bees. 
They remained either on their back or side feebly moving legs and antennae for 
several hours before death. In approximately forty per cent of the bees, move- 
ments of the abdomen were accentuated for about half an hour after the bees 
had fallen to the cage bottom. The dead bee in about sixty per cent of the 
cases lay on its back with wings outspread and legs in a haphazard half-folded, 
half-outstretched position. 

DDT. 


This was also a slow-acting poison requiring three to twenty-four hours or 
more to kill at 30°C. There was no difference between the actions of the bees 
poisoned with the 50°% DDT and those poisoned with the Pure para isomer of 
DDT. Activity was about the same as for a normal bee except that it was 
continuous: two to three hours after poisoning, the bee began to lose muscular 
control and sense of co-ordination. It kept crawling about the cage cumber- 
somely and falling to the floor. Throughout this crawling activity there was 
a slight continuous quivering, or trembling of the whole body interrupted very 
rarely by short violent shaking. The legs were always active even though 
their movements were not co-ordinated. After many hours of this type of 
activity the bee gradually became so weak that it could not move about, and 
only slight movements of the antennae, legs and sometimes the “tongue” could 
be seen. Death occurred very gradually as with the action of DDT on body 
lice (Musgrave, 1946) and on the roach (Tobias and Kolros, 1946). The wings 
had no characteristic position but the legs were usually folded. The term 
“hyperactivity” probably could apply to a DDT-poisoned bee because of its 
continuous movements. 

PARATHION 

Increased activity began almost immediately after feeding the poison. The 
movement of the tongue out and in and the cleaning movements by the legs 
were characteristic of all poisoned bees. The tongue was in almost continuous 
motion rubbing on the cage walls or on the front pair of legs. Poisoned bees 
were noticed turning very small rapid circles usually all in the same direction. 
Ten to pricy | minutes after poisoning, the “tongue” was excitedly rubbed 
between the front legs. Immediately after this action, regurgitation usually 








“esis weak ae. 


48 THE CANADIAN ENTOMOLOGIST February 1951 


occurred. The drop of regurgitated liquid was held in the curved tongue. 
The bee still moved about the cage but gradually became weaker and finally 
dropped to the floor. Death always occurred about five minutes after regurgi- 
tation: the tongue was always extended, the legs folded and the wings usually 
although not always outstretched. 


Histopathological Changes in the Mid-gut of Poisoned Bees 
Macroscopic CoMPARISONS 

A macroscopic examination of the poisoned mid-gut was carried out in an 
attempt to correlate any changes found with the insecticide used. Observations 
were based on ten specimens for each poison used. The gut was removed from 
poisoned insects which showed some movement of the appendages but which 
were unable to walk or crawl. 

Normal Bees 

Bees used for these observations were fed only fifty per cent sugar syrup 
and water and the gut was removed from the living insect by the method 
described on page 44. The mid-gut or ventriculus is the largest part of the 
abdomen. It is a U-shaped cylindrical tube whose size and diameter are not 
much affected by its contents. Many circular constrictions, especially notice- 
able near the anterior end, give the gut a wrinkled segmented appearance. The 
narrow proventriculus separates the anterior end of the mid-gut from the honey 
stomach and the small intestine separates it posteriorly from the rectum. The 
oesophageal invagination projects into the lumen of the ventriculus anteriorly 
while posteriorly a ventricular valve projects into the anterior end of the small 
intestine. The ventriculus of a freshly killed bee is usually reddish- brown in 
colour, but varies from pale yellowish brown to dark brown: a tangled mass of 
yellowish malpighian tubules surrounds it. 

Dead Bees 

Guts from bees that had been decapitated for three hours were used as 
checks for post-mortem changes (see also page 43). No characteristic differences 
between the gut of a normal bee and that of a decapitated bee were noticed. 

Acid Lead Arsenate (poisoned bees) 

Seven of the guts studied were light straw-coloured, while the other three 
were a more normal reddish-brown. Their diameter was slightly smaller than 
that of a normal gut; they broke very easily during removal and had lost some 
of their segmented appearance. In ninety percent a greyish plug-like mass was 
found in the lumen either at the rear of the mid- -gut or the fore part of the 
hind gut. However, the general macroscopic appearance of the ventriculus in 
arsenic poisoning was similar to that of normality. 

Parathion (poisoned bees) 

The gut of all bees treated with parathion was yellowish-brown to dark 
brown in colour. No macroscopical differences could be seen between these 
guts and those from normal bees. 

DDT (poisoned bees) 

Of the ten bees examined, marked macroscopical differences were seen in 
the mid-guts of six: they contained large transparent gas bubbles in the mid 
region; while the fore and hind regions were normal in diameter and were dark 
brown in colour: similar symptoms were never noticed in a normal gut. The 
other four all had noticeably larger diameters than normal. All guts from DDT 
poisoned insects broke easily when being removed from the insect. 

DDT and arsenic sometimes cause definite macroscopical changes in the 
mid-gut of honey bees. Since no changes of a similar nature were ever observed 
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in normal bees, it would appear that identification of honey bees poisoned with 
arsenic or with DDT might be possible in field observations. 


MicroscopicAL CoMPARISONS 
All mid-guts considered as normal were taken from live bees which were 
fed only fifty per cent sugar syrup and water and which were kept under the 
same conditions as the poisoned bees. Mid-guts from all poisoned bees which 
were used for histological observations were taken from specimens so affected 
by the poison that they showed only slight movements of the legs, abdomen 
or antennae. The time taken for the different specimens to reach this state 
varied considerably: the ventriculi of some of the DDT-poisoned bees were 
examined 24 hours after administration and of some of the arsenic-poisoned bees, 
5 hours after administration. In general, DDT-poisoned bees were eviscerated 
4-24 hours and arsenic-poisoned bees 5-36 hours after administration. All mid- 
guts, both normal and poisoned, were treated in the same manner (for times and 
procedure in histological technique, see page 44). 
Mid-gut from Normal Bee 
The wall of the mid-gut is made up of a number of layers. Three layers 
of striated muscle fibres form a network on the outer surface; the outer and 
inner layers are longitudinal and the middle layer is circular. The presence of 
longitudinal muscles within the circular muscles and next to the basement mem- 
brane was questioned by Snodgrass, (1925). However, White (1918) described 
this layer and it has been clearly seen in stained sections during this investigation 
| (Pl. 1 Fig. 1-M). Within the muscle layers is the basement membrane which 
appears darkly staining and attached to the base of the epithelial cells (Pl. 1 
Fig. 2-B). 
The entire, epithelium is thrown into many transverse folds which extend 
into the lumen and which are more numerous and have a more uniform appear- 
ance in the extreme fore and hind regions (Pl. 1 Fig. 1 and 3). The mid region 
; usually appears to be stretched by its contents so that the folds are somewhat 
flattened (Pl. 1 Fig. 2). However, the wavy outline of the epithelium can be 
seen in all cross-sections, (Pl. 1 Figs. 1, 2, 3). The cells on the crests of these 
; waves are club-shaped and are attached to the basement membrane by a narrow 
stalk (Pl. 1 Fig. 3-S). Their heads extend into the lumen and are as nearly 
cylindrical as the surrounding cells will allow. In the troughs or depressions 
between the waves, ec groups of small replacement cells called nidi are 
situated (Pl. 1 Figs. 1, 2 and 3-NC). The cells making up the walls of the 
waves are almost columnar in shape. 


The most noticeable feature of the epithelium is the great variation in shape 
and arrangement of the cells. The appearance of the epithelium of the ventricu- 
lus (mid-gut) differs from bee to bee and it is difficult to identify a normal 
resting cell. These differences may be due to the process of digestion, the 
location of the epithelium and the age of the epithelial cells. The following 
structures closely associated with the epithelium were seen:— 

A. Secretion elements which may be complete nucleated epithelial cells, or 

parts of cells, are proliferated into the lumen and disintegrate (Pl. 1 Figs. 
1 and 2-PC). One may suppose that they either contain some kind of 
digestive enzyme or are old worn out epithelial cells which are being 
discarded. The nucleated secretion elements are more prevalent in the 
fore and mid-regions. 


B. The ends of the epithelial cells projecting into the lumen may be con- 
stricted off as clear, small, round goblet-like elements which appear cap- 
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like because of the thickness of their inner wall (that part nearest the 
lumen) Pl. 1 Figs. 1 and 2-GC). 


Snodgrass (1925) described these goblet-like elements as “the ordinary 
form of secretion and discharge of digestive fluids in the ventriculus of insects” 
They usually disintegrate before they reach the centre of the lumen and their 
thick inner walls seem to form part of the peritrophic membrane (PI. 1 Fig. 
1-GC). Pavlovsky and Zarin (1922), however, believed these elements to be the 
result of some fixation process (see also Wigglesworth, 1947). Goblet-like 
elements were not seen in ventriculi fixed with Mann’s fixative, although the 
striated border (see below) appeared more dense at the tips of the cells as though 
secretion was taking place (Pl. 1 Fig. +). If Mann’s fixative gives a life-like 
picture of the entire cell, (Baker, 1945), it seems possible that the goblet-like 
elements seen in mid-guts fixed in Bouin’s or Kahle’s solution are actually caused 
by the fixation process (Wigglesworth, 1947). However, it seems possible also 
that these goblet-like elements and the denser striated border mentioned before 
both represent secretory activity of a similar type. 


The cytoplasm of the epithelial cells has a hyaline to slightly granular 
appearance. Actively secreting cells are usually more granular and stain more 
lightly than resting cells. The oval or slightly elongate darkly staining nuclei 
are usually situated near the centre of the cell. They appear black when 
stained with Heidenhain’s Haematoxylin after fixation in Bouin’s or Kahle’s 
solution, and no structural detail can be seen (Pl. 1 Figs. 1, 2 and 3). A few 
nuclei stain less darkly, possibly because of some digestive process, and appear 
slightly granular (Pl. 1 Fig. 2-N). The nuclei are usu ally surrounded by a 
clear space where the cytoplasm has either withdrawn or did not stain. One 
suspects that this space is caused by certain fixation processes becauese the nuclei 
of tissue fixeé with Mann’s solution appear homogeneous and are difficult to 
distinguish from the cytoplasm of the cell (Pl. 1 Fig. 4+). The nuclei and 
cytoplasm of the nidi cells stain more darkly than those of the epithelial cells 
(Pl. 1 Figs. 1, 2 and 3-NC). 

“The superficial layer of protoplasm of the epithelium has the appearance 
of a brush border” according to Pavlovsky and Zarin (1922). Hertig (1923) 
called this laver, lining the inner surface of the epithelium, the striated border 
and believed it to be made up “for the most part of many fine hairs”. However, 
the layer as. seen during this investigation (Pl. 1 Fig. 1-SB) was not always 
continuous over the entire epithelium and sometimes definite striations were not 
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Photomicrographs of transverse sections of ventriculi from normal and from DDT- 
poisoned bees. Sectioned at eight microns and stained in Heidenhain’s Haematoxylin. 
Fig. 1 Normal bee, fore region, fixed in Bouin’s. Mag. 110 x linear. 
Fig. 2. Normal bee, mid region, fixed in Kahle’s. Mag. 140 x linear. 
Fig. 3 Normal bee, hind region, fixed in Kahle’s. Mag. 115 x linear. 
Fig. 4 Normal bee, mid region, fixed in Mann’s. Mag. 140 x linear. 
Fig. 5 DDT-poisoned bee, mid region through gas bubble, fixed in Bouin’s. Mag. 130 x linear. 
Fig. 6 DDT-poisoned bee, mid region, fixed in Kahle’s. Mag. 130 x linear. 


ABBREVIATIONS 


B—basement membrane PC—proliferated epithelial cells 
GC—goblet-like elements PM—peritrophic membrane 
GN-—granular nucleus S—stalked epithelial cells 

M—inner longitudinal muscle SB—striated border 

N—nucleus VC—vacuolated tip of epithelial cell. 
NC—nidi cells 
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apparent. It seems probable that in the honey bee the darkly staining lines or 
striations are secretory products and that their presence or absence may depend 
upon the state of nutrition of the epithelial cells. Snodgrass (1925) described 
the striated border as darkly staining lines in a clear matrix and he believed that 
these lines or striations were due to many slender vacuoles which contained 
digestive secretion. The striated borders had practically disappeared in the 
mid-gut from arsenic and most DDT-poisoned bees. It appears, therefore, that 
the striated border may be formed by some kind of digestive product which 
might be affected by insecticides. 


Lying next to the striated border and in contact with it in various places is 
the peritrophic membrane (PI. 1 Fig. 1-PM). 

Peritrophic membranes in the honey bee worker appear to be formed in a 
continuous succession because the lumen is always crowded with many convo- 
luted concentric rings (peritrophic membranes) which enclose food particles 
and digestive elements in their folds (PI. 1 Figs. 1, 2 and 3). The inner or first 
formed membranes appear to be broken down because their continuous outline 
cannot be seen. The process of the formation of the peritrophic membranes 
was much less noticeable in the hind region than in the other regions of the 
mid-gut (Pl. 1 Fig. 3). (However, see also Butt, 1934 and Wigglesworth, 
1947). 

The longitudinal muscles appear as small, darkly stained circles. The inner 
longitudinal muscles are much smaller than those of the outer layer (PI. 1 Fig. 
1-M). The structure of the muscles was difficult to observe because of their 
darkly staining tendencies. In some of the circular muscles the sarcomeres 
appeared as light and dark staining bands. 


(Concluded next issue) 
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